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(54) Disk controller comprising cache memory and method of controlling the cache

(57) To execute cache data identity control between
disk controllers in plural disk controllers provided with
each cache. To prevent a trouble from being propagated
to another disk controller even if the trouble occurs in a
specific disk controller. The identity control of data is ex-
ecuted via a communication means between disk con-

trollers. In case update access from a host is received,
data in a cache memory of a disk controller that controls
at least a data storage drive is updated. It is desirable
that a cache area is divided into an area for a drive con-
trolled by the disk controller and an area for a drive con-
trolled by another disk controller and is used.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates a disk sub-sys-
tem composed of multiple disk units and a disk controller
that controls these, particularly relates to a disk control-
ler composing the disk subsystem by plural disk control-
lers and a method of controlling a cache memory in the
disk controller.

Description of the Related Art

[0002] A disk controller (hereinafter called DKC)
stores and reads data in/from multiple disk units (here-
inafter called disk drives or merely drives). The disk
drives and DKC are generically called a disk subsystem.
Fig. 17 shows the configuration of such a conventional
type disk sub-system.
[0003] In the conventional type disk sub-system, two
host computers 0 are respectively connected to two disk
sub-systems 1 via a channel 2. A logical disk 7 is a mem-
ory area which the host computer 0 recognizes. The
host computer 0 instructs to refer to data at a specific
address of the logical disk 7 and to request the update
of the data via the channel 2. For the channel 2, there
are a fiber channel, SCSI and others.
[0004] The disk sub-system 1 is roughly composed of
DKC 10 and plural drives 17. DKC 10 and the plural
drives 17 are connected via a drive interface 16. For the
drive interface 16, a fiber channel, SCSI and others are
used.
[0005] DKC 10 is roughly composed of a channel con-
troller 11 that controls channels, a disk drive controller
14 that controls drives, a control memory 12 that stores
the control information 3 of DKC, a cache memory part
13 that stores read data 5 and update data 6 and further,
a connection mechanism 15 that mutually connects
each component. For the connection mechanism 15, a
bus, an interconnection network and others are used.
[0006] DKC 10 executes the reference of data and up-
date processing according to the instruction of the host
computer 0. Such a conventional type disk subsystem
is disclosed in Japanese published unexamined patent
application No. Hei 12-99281 for example.
[0007] In recent computer environment as represent-
ed by the explosive popularization of the Internet, stor-
age capacity used by a user rapidly increases. As a re-
sult, the management cost of daily increasing data also
continues to increase and the reduction of the manage-
ment cost is an important problem. Also, a storage area
network (hereinafter called SAN) for centralizing disk
subsystems heretofore connected each server and as
a result distributed, attracts attention. Fig. 18 shows a
conventional type example of disk subsystems in SAN
environment. Plural sub-systems are connected to the

host computers 0 via SAN-SW 11. One disk sub-system
is composed of only one disk controller.
[0008] As described above, the further increase of
storage capacity and the increase of the number of con-
nected channels are demanded for a disk subsystem by
the change of environment surrounding the disk subsys-
tem.
[0009] It is conceivable in consideration of such a
background that a disk sub-system heretofore com-
posed of one DKC is composed of plural DKCs. Hereby,
for a disk subsystem, larger storage capacity and the
more number of connected channels can be provided.
[0010] For a general method of composing plural
DKCs, it is conceivable to compose DKC by clusters.
However, in this case, there is a problem that it is difficult
to share data between DKCs. To solve this problem, it
can be realized to share data by enabling the mutual
access of data between DKCs using connection means
between DKCs.

SUMMARY OF THE INVENTION

[0011] However, in a disk sub-system composed of
plural DKCs mutually accessible to data, the identity of
data between cache memories in each DKC is impor-
tant. This is generally called coherence control.
[0012] Particularly, in the case of a disk sub-system,
as data in a drive is the last stage of user data, it is im-
portant to guarantee this data and for example, even if
a trouble occurs in one DKC in a disk sub-system and
the DKC goes down, the trouble should not be propa-
gated to another DKC. However, in case data in a drive
connected to another normally operable DKC is left in
the cache memory of the DKC in which the trouble oc-
curs with the data updated, the data is lost though the
drive storing the data and DKC controlling the drive are
normal because access to the data is disabled. That is,
the trouble of one DKC in a sub-system is propagated
to another DKC in the same sub-system to be a problem.
[0013] Each disk controller is provided with a cache
memory that stores data for a drive connected to anoth-
er disk controller except a disk controller that receives
an access request from a host via a communication
means between disk controllers in addition to data for a
drive connected to the disk controller that receives the
access request from the host and a control memory that
stores the control information of the cache memory.
[0014] Further, the disk controller includes a cache
management table storing a cache directory in which a
disk controller storing data in its cache can be specified
referring to the data of the destination of access and a
cache address at which data at the destination of access
is stored every unit of access uniquely determinable
based upon the address of the disk controller and a drive
as control information for controlling the cache provided
in the disk controller.
[0015] A disk controller that receives an access re-
quest from a host computer executes the exclusive op-
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eration of access data at the beginning of processing
and afterward, after the access request is processed
and the completion is reported to the host, coherence
control is executed in case access from the host com-
puter is a request for update access and a disk controller
except the access acceptance disk controller stores the
access data in its cache memory and afterward, the ex-
clusion of the data is released.
[0016] A disk controller that receives a request for up-
date access from a host computer stores update data
received from the host computer in a cache memory of
another disk controller connected to the following drive
via a communication means between disk controllers in
case the destination of the update access is the drive
connected to another disk controller except the disk con-
troller.
[0017] In a coherence control method, data stored in
the cache of another disk controller is invalidated or up-
dated.
[0018] A disk controller that receives a request for
read access from a host computer first determines
whether access data is stored in a cache of the disk con-
troller that receives the access request or not, referring
to a directory in a cache configuration table of a disk
controller connected to a drive at the destination of ac-
cess, in case the data is stored, the data is transferred
to the host computer, referring to the cache at once, in
the meantime, in case the access data is not stored in
the cache in the disk controller that receives the access
request, it is determined referring to a directory in a
cache configuration table of a disk controller connected
to a drive at the destination of access whether access
data is stored in the cache memory of the disk controller
connected to the drive at the destination of access or
not, in case the data is stored, the data is transferred to
the cache in the disk controller that receives the access
request and the host computer at once, referring to the
cache memory, and in the meantime, in case the data
is not stored in the cache memory of the disk controller
connected to the drive at the destination of access, data
is transferred from the drive to the cache memory of the
disk controller connected to the drive at the destination
of access, the cache memory in the disk controller that
receives the access request and the host computer.
[0019] In case a cache area is freed, update data
stored in a cache is stored in a drive connected to its
disk controller and further, the data in a cache memory
storing the data in a disk sub-system of another disk
controller is invalidated.
[0020] As a cache memory provided in each disk con-
troller stores only data of a drive connected to a disk
controller, data is transferred from a cache or a drive of
a disk controller at the destination of a request to a host
in case the access request from the host computer is
read access or data is transferred to a cache of a disk
controller at the destination of a request in case the ac-
cess request from the host computer is update access.
[0021] The storage area of a cache memory is divided

into an area in which data for a drive connected to a disk
controller that receives access is stored and an area in
which data for a drive connected to another disk con-
troller in a subsystem is stored and is managed.
[0022] Data for a drive connected to a disk controller
that receives access is stored in its cache memory with
the data doubled or multiplexed and in the meantime,
data for a drive connected to another disk controller in
a sub-system is stored without being multiplexed in the
cache.
[0023] A cache provided to a disk controller is com-
posed of a nonvolatile cache storing data for a drive con-
nected to a disk controller that receives access and a
volatile cache storing data for a drive connected to an-
other disk controller in a subsystem.
[0024] In case a trouble occurs in a disk controller in
a sub-system, data of a drive connected to the disk con-
troller where the trouble occurs, which is stored in a
cache memory of a normal disk controller, is invalidated.
[0025] A communication means between disk control-
lers is a part of a channel connectable to a host compu-
ter and a switch that connects channels.
[0026] For control information for controlling a cache
provided in a disk controller, an access log table storing
access frequency information assigned to each chan-
nel, each disk controller and each logical disk is provid-
ed, it is determined whether a channel the access fre-
quency of which is the highest of channels that receive
access to a certain logical disk and a logical disk at the
destination of access are connected to the same disk
controller or not, and in case they are not connected to
the same disk controller, the logical disk is relocated in
a drive of a disk controller to which the channel the ac-
cess frequency of which is the highest is connected. Al-
so, in case they are connected to the same disk control-
ler, a host computer that accesses to the logical disk and
uses another channel uses a channel of a disk controller
connected to the logical disk.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

Fig. 1 is an example of a block diagram showing the
outline of a disk controller according to the inven-
tion.
Fig. 2 is an example of a block diagram showing
cache control information of the disk controller ac-
cording to the invention.
Fig. 3 is a flowchart showing an example of the
whole operation according to the invention.
Fig. 4 is a flowchart showing an example of update
access request processing according to the inven-
tion.
Fig. 5 is a flowchart showing an example of coher-
ence processing according to the invention.
Fig. 6 is a flowchart showing an example of the co-
herence processing according to the invention.
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Fig. 7 is a flowchart showing an example of read
access request processing according to the inven-
tion.
Fig. 8 is a flowchart showing an example of the read
access request processing according to the inven-
tion.
Fig. 9 is a flowchart showing an example of a cache
management method according to the invention.
Fig. 10 is a flowchart showing an example of the
read access request processing according to the in-
vention.
Fig. 11 is an example of a block diagram showing a
cache of the disk controller according to the inven-
tion.
Fig. 12 is an example of a block diagram showing
a cache of the disk controller according to the in-
vention.
Fig. 13 is a flowchart showing an example of the
cache management method according to the inven-
tion.
Fig. 14 is another example of a block diagram show-
ing the outline of the disk controller according to the
invention.
Fig. 15 is another example of a block diagram show-
ing the outline of the disk controller according to the
invention.
Fig. 16 is a flowchart showing an example of a data
location method of the disk controller according to
the invention.
Fig. 17 is a block diagram showing the outline of a
conventional type disk controller.
Fig. 18 is a block diagram showing the outline of a
conventional type disk controller.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0028] Referring to the drawings, the details of the in-
vention will be described below.
[0029] First, referring to Figs. 1 and 2, a disk controller
according to the invention will be described. Fig. 1 is an
example of a block diagram showing the outline of the
disk controller according to the invention. A disk sub-
system 1 is connected to host computers 0 via plural
channels 2. This embodiment is characterized in that the
disk sub-system 1 is composed of plural DKCs 10 and
each DKC 10 can refer to and update write data 4 stored
in a drive 17 connected to another DKC via a path be-
tween disk controllers 20 dedicated to each DKC 10.
The details will be described below.
[0030] The disk sub-system 1 shown in Fig. 1 is
roughly composed of plural DKCs 10 and drives 17. In
Fig. 1, only two DKCs 10 are shown in detail, however,
the configuration of each of Xn DKCs 10 is the same.
DKC 10 is roughly composed of a channel controller 11
that controls channels, a disk drive controller 14 that
controls a drive, a control memory 12 that stores the
control information 3 of DKC, a cache memory part 13

that stores read data 5 and update data 6 and further, a
connection mechanism 15 that mutually connects each
component. Though the following processor is not
shown, the channel controller 11 and the disk drive con-
troller 14 are provided with a processor for control and
a processing program is run in the processor.
[0031] Fig. 2 is a block diagram showing an example
of control information stored in the control memory 12
shown in Fig. 1. In this embodiment, control information
3 is roughly composed of a cache management table 31
and a departure configuration table.
[0032] First, the cache configuration table 31 will be
described in detail. The cache management table 31 in-
cludes directory information and cache address infor-
mation. In this embodiment, directory information and
cache address information are described as an individ-
ual table, however, these may be also included in the
same table. Directory information shows relationship
between the address of a drive at the destination of ac-
cess from a host and a cache storing the data of the
address. Concretely, directory information includes a
disk controller number and a drive address at the des-
tination of access for an address at the destination of
access from a host and further includes a directory
showing whether each cache in the sub-system stores
the data of the address or not for every cache. In this
embodiment, a cache directory is prepared for every
DKC and shows that in case '1' is on, the cache of DKC
stores data and in case '0' is on, the cache of the DKC
stores no data. Therefore, the directory information
shows that the data of a disk controller number 0 and a
drive address 0 is stored in the cache of DKC 0. Also,
the directory information shows that the data of the disk
controller number 0 and a drive address 1 is stored in
both the cache of DKC 0 and the cache of DKC 1.
[0033] Next, cache address information shows rela-
tionship between a drive address at the destination of
access from a host and the address of a cache storing
the data of the address. Like directory information,
cache address information includes a disk controller
number and a drive address at the destination of access
for an address at the destination of access from a host
computer and shows the address of a cache storing the
data of the address. Cache address information may al-
so store only the address of a cache in DKC.
[0034] Next, the departure configuration table will be
described in detail. The departure configuration table
shows relationship among a channel number and a log-
ical disk which a host computer can respectively identify
and a drive in which data is actually stored in DKC. In
this embodiment, a logical disk 0 having a channel
number of 1 is allocated to a drive number 0 of a disk
controller number 0. Also, a logical disk 1 having a chan-
nel number of 1 is allocated to a drive number 1 of a disk
controller number 1.
[0035] When control information 3 described above is
used, a disk controller number and a drive number at
the destination of a request for access from a host can
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be identified by referring to the departure configuration
table 32, further, the number of a cache memory storing
data at the destination of the access can be identified
by referring to directory information in the cache man-
agement table 31 and further, the address of a cache
storing the data at the destination of the access can be
understood by referring to cache address information in
the corresponding cache memory.
[0036] In this embodiment, the departure configura-
tion table 32 is stored in the control memory 12, howev-
er, the departure configuration table 32 may be also
stored in a local memory of a control processor provided
to the channel controller 11 and the disk drive controller
14.
[0037] Next, referring to flowcharts shown in Figs. 3
to 10, the operation of DKC and a method of controlling
a cache memory in case a request for access from a
host computer is received will be described.
[0038] First, referring to Fig. 3, the outline of process-
ing will be described. Fig. 3 is a flowchart showing the
flow of the whole processing of DKC. The processing
shown in the flowchart can be realized as a processing
program run in a processor in DKC. DKC that receives
a request for access from a host computer first executes
the processing of a received command and the exclu-
sive operation of access data (a step 1). It can be iden-
tified by analyzing the command according to the pro-
tocol of a connecting channel whether the request for
access is a read command, that is, a request for refer-
ence or a write command, that is, a request for update.
Further, DKC executes exclusive operation so that data
at the destination of access is not updated or referred
by another access processing. The exclusive operation
may be executed by a general method by locking and
others. Next, DKC executes reference or update
processing according to the command (a step 2). Next,
after the processing is finished, DKC reports the com-
pletion to the host (a step 3) and determines the re-
ceived command (a step 4). In case the command is not
a write command, processing proceeds to a step 7 de-
scribed later. In case the command is a write command,
it is next determined whether data at the corresponding
address which the host accesses can be stored in the
cache memory of another DKC in the subsystem or not
(a step 5). In case another DKC cannot store the data
in its cache memory, processing proceeds to the step 7
and is finished. In case another DKC can store the data
in its cache memory, coherence processing for update
data is executed (a step 6). Finally, the exclusion of the
data at the destination of the access is released (the
step 7). This embodiment is characterized in that in write
command processing, in case another DKC stores old
data in its cache, coherence processing is applied to the
data. The details of command processing and coher-
ence processing will be respectively described later.
[0039] Fig. 4 is a flowchart showing an example of
processing when a write command is received. When a
command is received, the command and an address at

the destination of access are analyzed based upon the
received command and it is recognized that the access
is write access (a step 1). For an address at the desti-
nation of access, a disk controller number and a drive
number at the destination of an access request can be
identified by referring to the departure configuration ta-
ble. Next, the determination of a cache hit error is ap-
plied to the cache memory of the corresponding DKC
identified in the step 1 (a step 2). It can be identified by
referring to directory information in the cache manage-
ment table whether data at the destination of access is
stored in the cache or not. In the case of a hit error that
no data at the destination of access is stored in the
cache, the disk drive controller of the corresponding
DKC is requested to transfer the corresponding data
from a drive to the cache memory (a step 6). This
processing is normally called staging processing. In this
case, write processing is interrupted until the transfer is
finished (a step 7) and after staging is finished, write
processing is continued again. A cache address at the
destination of transfer may be managed and acquired
by a general method such as a list of a space area in
the cache, however, it is required to register the address
at the destination of transfer by updating the cache man-
agement table. In the case of determination as a hit in
a step 3 or in case staging processing is finished in the
step 7, the corresponding data in the cache memory of
the corresponding DKC is updated (a step 4). After the
update is finished, the completion of write processing is
reported to the host computer (a step 5). This embodi-
ment is characterized in that the cache memories of all
DKCs in a subsystem can be accessed by referring to
a cache directory and a cache address in a cache man-
agement table.
[0040] Fig. 5 is a flowchart showing an example of the
coherence control of a cache memory performed next
to write processing when a write command is received.
This embodiment is characterized in that data in another
cache memory is invalidated. It is determined by refer-
ring to directory information in a cache management ta-
ble whether there is a cache memory of another DKC
storing old data at an update request address or not (a
step 1). In case there is no cache memory storing old
data of another DKC, the processing is finished. In case
there is a cache memory storing old data of another
DKC, the directory information is updated. For example,
in this embodiment, as a stored state is shown by 1, 0
has only to be written as directory information. Further,
it is required to release an area storing old data in the
corresponding cache memory. An address storing old
data in the corresponding cache memory can be recog-
nized by referring to cache address information of the
corresponding DKC. The cache address is deleted from
the cache address information and the cache memory
area has only to be recorded in a list of a space area of
the cache memory. As described above, the cache
memory storing the data of another DKC is invalidated
(a step 2).
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[0041] Fig. 6 is a flowchart showing another example
of the coherence control of a cache memory performed
next to write processing when a write command is re-
ceived. This embodiment is characterized in that data
in another cache memory is updated. It is determined
by referring to directory information in a cache configu-
ration table whether there is a cache memory storing old
data at an update request address of another DKC or
not (a step 1). In case there is no cache memory storing
the old data of another DKC, the processing is finished.
In case there is a cache memory storing the old data of
another DKC, the data is updated. An address at which
the old data is stored in the cache can be recognized by
referring to the cache address information of the DKC.
Update data has only to be written at the cache address.
As described above, the cache storing the data of an-
other DKC is updated (a step 2).
[0042] Figs. 7 and 8 are flowcharts showing an exam-
ple of processing when a read command is received. In
this embodiment, a case that data managed by another
DKC can be stored in a cache memory via a path be-
tween DKCs will be described. When a command is re-
ceived, the command and an address at the destination
of access are analyzed based upon the received com-
mand and it is recognized that the access is a read ac-
cess (a step 1). For an address at the destination of ac-
cess, a disk controller number and a drive number at the
destination of an access request can be identified by re-
ferring to a departure configuration table. Next, it is de-
termined whether data is stored in a cache memory of
the corresponding DKC identified in the step 1 or not (a
step 2). It can be identified by referring to directory in-
formation in a cache management table whether data
at the destination of access is stored in the cache mem-
ory or not. It is determined whether the data is stored in
the cache memory of DKC that receives the command
or not (a step 3) and in case the data is stored in the
cache memory of DKC that receives the command, the
data is read from the cache memory of DKC that re-
ceives the command at once (a step 4). Further, the data
is transferred to a channel (a step 5). In the meantime,
in the case of a cache hit error in the step 3, it is deter-
mined whether data at the destination of access is
stored in a cache memory of DKC connected to a drive
at the destination of access or not (a step 6). In case the
data is stored in the cache memory of DKC connected
to the drive at the destination of access, the data is trans-
ferred from the cache memory of DKC connected to the
drive at the destination of access to the cache memory
of DKC that receives the command. At this time, an ad-
dress for data to be stored of the cache memory of DKC
that receives the command may be acquired from a list
of a space area of the cache memory and others, how-
ever, it is required to write the address to cache address
information in the cache management table of DKC that
receives the command. Further, directory information in
the cache management table of DKC connected to the
drive at the destination of access is updated to show

that the data is copied in the cache of DKC that receives
the command (a step 7). After the termination of transfer
is awaited (a step 8), the processing is returned to the
step 4. In the meantime, in the case of cache hit error
in the step 6, it is required to read data from a drive. This
processing is normally called staging processing (a step
9) and this step is similar to the step 6 shown in Fig. 4.
After the termination of transfer is awaited (a step 10),
the processing is returned to the step 4.
[0043] Fig. 9 is a flowchart showing an example of a
method of freeing a cache area in case data can be
stored in cache memories between DKCs. In case there
is no space area in a cache, it is required to free an area
of the cache according to a predetermined algorithm.
For a general algorithm, LRU can be given. According
to this method, first, an area to be freed is determined
according to a predetermined algorithm. Afterward, it is
determined whether data currently stored in the area to
be freed is data of a drive connected to DKC or not (a
step 1). This determination is enabled by referring to
cache address information in a cache management ta-
ble. In case the data is not data of the drive connected
to the DKC, directory information in a cache manage-
ment table of DKC connected to and controlling a drive
in which the corresponding data is stored is updated to
show that the cache memory of the DKC does not store
the data (a step 5). In the meantime, in case it is deter-
mined in the step 1 that the data is data of the drive con-
nected to the DKC, a disk drive controller is requested
to write the corresponding data to the drive (a step 2).
This processing is normally called destaging process-
ing. After the termination of writing is awaited (a step 3),
the data in a cache of another DKC storing the copy of
the data is invalidated according to the directory infor-
mation in the cache management table (a step 4).
[0044] Fig. 10 is a flowchart showing an example of
processing when a read command is received. In this
embodiment, a case that data managed by another DKC
cannot be stored in a cache memory between DKCs will
be described. When a command is received, the com-
mand and an address at the destination of access are
analyzed based upon the received command and it is
recognized that the access is read access (a step 1).
For an address at the destination of access, a disk con-
troller number and a drive number at the destination of
an access request can be identified by referring to a de-
parture configuration table. Next, it is determined wheth-
er the corresponding data is stored in a cache memory
of the corresponding DKC identified in the step 1 or not
(a step 2). It can be identified by referring to directory
information in a cache management table whether data
at the destination of access is stored in the cache or not.
It is determined whether the corresponding data is
stored in a cache memory of DKC connected to a drive
at the destination of access or not (a step 3) and in case
the data is stored in the cache of DKC connected to the
drive at the destination of access, the data is read from
the cache of DKC connected to the drive at the destina-
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tion of access at once (a step 4). Further, the data is
transferred to a channel (a step 5). In the meantime, in
the case of a cache hit error in the step 3, it is required
to read data from the drive. This processing is normally
called staging processing (a step 6) and this step is sim-
ilar to the step 6 shown in Fig. 4. After the termination
of transfer is awaited (a step 7), the processing is re-
turned to the step 4.
[0045] Next, referring to Fig. 11, desirable another ex-
ample of a method of controlling a cache memory will
be described. This embodiment is characterized in that
an area of the cache memory 13 is divided into a data
storage area for another DKC and a data storage area
for DKC. As a result, the doubling and multiplexing of
data described later or the nonvolatilization of a part of
a cache can be realized easily and at a low cost. To di-
vide an area, a list for managing a space area of the
cache memory is required for every area.
[0046] In this embodiment, only a data storage area
for DKC is doubled. Update data from a host is stored
in a cache memory of DKC connected to a drive in which
the data is stored, that is, in a data storage area for DKC.
Therefore, the reliability can be enhanced by doubling
the data storage area for DKC. Also, the reliability can
be secured at a low cost by doubling only the data stor-
age area for DKC, compared with a case that the whole
cache memory 13 is doubled.
[0047] Next, referring to Fig. 12, desirable another ex-
ample of a method of controlling a cache memory 13 will
be described. This embodiment is characterized in that
the cache memory 13 is composed of a volatile cache
area 131 that stores data for another DKC and a non-
volatile cache area 132 that stores data for DKC.
[0048] Next, referring to Figs. 15 and 16, another ex-
ample of the disk controller will be described. Fig. 15 is
a block diagram showing another example of control in-
formation stored in the control memory 12 shown in Fig.
1. This embodiment is characterized in that for control
information, an access log table 33 showing the statis-
tics of the number of access from a host is provided in
addition to a cache management table and a departure
configuration table. The access log table 33 shows the
number of access every channel number, every logical
disk number and every disk controller number. In this
embodiment, the number of access is classified into the
number of read access and the number of write access
and is stored. The number of access has only to be in-
cremented when each processing program accesses to
control information in analyzing a command received
from a host or in determining a cache hit error. The char-
acteristic of access from a host can be recognized by
analyzing the access log table 33 of each DKC in a sub-
system. In this embodiment, a logical disk number of 0
is accessed from channel numbers 0, 1 and 3 and it is
known that access from the channel 1 requires the
transfer of data via a path between disk controllers 20.
[0049] Next, referring to Fig. 16, a concrete example
of a method of identifying an access frequency will be

described. Fig. 16 is a flowchart showing processing ac-
cording to an access characteristic recognition method
which a processing program run in a processor in DKC
executes. In this embodiment, it is supposed that the
processing program run in the processor in DKC exe-
cutes, however, a processing program run in a proces-
sor for management outside DKC may also execute. Ac-
cess characteristic recognition processing has only to
be periodically executed according to a timer or has only
to be executed according to an instruction from a host.
First, the number of access to a logical disk of a specific
disk controller every channel number is extracted from
an access log table 33 of each disk controller and the
number of access every channel is compared (a step
1). Next, it is determined whether a DKC number to
which a channel, the number of access of which is max-
imum of the extracted and compared number of access,
is connected is the same as a DKC number to which a
logical disk to be analyzed is connected or not (a step
2). It is determined based upon the determination
whether a channel, the frequency of access to the logi-
cal disk of which is high ,is connected to the same DKC
as the logical disk or not. As a channel the number of
access of which is maximum and the logical disk are
connected to the same DKC in case the DKC number
is the same in the determination in the step 2, the relo-
cation of the logical disk is not required and a channel
of DKC to which the logical disk is connected is used for
a channel required to use a path between disk control-
lers 20 of the other channels that access to the logical
disk (a step 3). An instruction has only to be given to a
processor for the configuration of DKC or a host com-
puter. In the meantime, as a channel the number of ac-
cess of which is maximum and a logical disk are not con-
nected to the same DKC in case the DKC number de-
scribed above is not the same as the DKC number to
which the logical disk is connected in the determination
in the step 2, the channel and the logical disk may be
connected to the same DKC. In this embodiment, an in-
struction is given so that the logical disk is relocated in
a drive of DKC to which a channel the number of access
of which is maximum is connected (a step 4). As the
used frequency of a path between disk controllers is re-
duced by repeating the steps 1 to 4 by the number of all
logical disks in a sub-system and access from a host
functions as access to a logical disk of DKC that re-
ceives the access, the performance can be maintained
even if the band of a path between disk controllers is low.
[0050] As each disk controller is provided with a cache
memory for storing data for a drive connected to another
disk controller except a disk controller that receives an
access request from a host via a communication means
between the disk controllers in addition to data for the
drive connected to the disk controller that receives the
access request from the host and a control memory for
storing the control information of the cache memory, the
sharing of data is enabled between each cache provided
to each disk controller and the performance can be en-
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hanced.
[0051] Further, as the disk controller is provided with
a cache management table that stores a cache directo-
ry, in which a disk controller storing data at the destina-
tion of access in its cache memory can be specified, and
a cache address, at which the data at the destination of
access is stored, at every unit of access uniquely deter-
minable based upon the address of a disk controller and
a drive as control information for controlling the cache
memory provided in the disk controller, the coherence
control of the cache memory is enabled.
[0052] A disk controller that receives an access re-
quest from a host computer executes the exclusive op-
eration of access data at the beginning of processing
and afterward, as the exclusion of the following data is
released after coherence control is executed in case the
access from the host computer is a request for update
access and further, a disk controller except the access
acceptance disk controller stores the access data in its
cache after the access request is processed and the
completion is reported to the host, coherence control
can be realized without increasing the response time of
the host computer.
[0053] As the disk controller that receives the request
for update access from the host computer stores update
data received from the host via a communication meth-
od between the disk controllers in a cache memory of a
disk controller connected to a drive in case the destina-
tion of the update access is the drive connected to an-
other disk controller except the disk controller, a trouble
can be prevented from being propagated without losing
data in another disk controller even if the trouble occurs
in a certain disk controller in a disk sub-system.
[0054] As according to a method of controlling coher-
ence, data stored in a cache memory of another disk
controller is invalidated, coherence control is enabled
even if the transfer band of connection means between
disk controllers is low.
[0055] Also, for another method of controlling coher-
ence, as data stored in a cache memory of another disk
controller is updated, the hit ratio of the cache memory
is more enhanced and the performance is improved.
[0056] A disk controller that receives a request for
read access from a host computer first determines
whether access data is stored in a cache memory in the
disk controller that receives the access request or not,
referring to a directory in a cache management table of
a disk controller connected to a drive at the destination
of access. In case the data is stored, it is transferred to
the host computer at once, referring to the cache mem-
ory. In the meantime, in case the access data is not
stored in the cache memory in the disk controller that
receives the access request, it is determined referring
to a directory in a cache management table of the disk
controller connected to the drive at the destination of
access whether the access data is stored in a cache
memory of the disk controller connected to the drive at
the destination of access or not. In case the data is

stored in the cache memory, the cache memory is re-
ferred at once and the data is transferred to the cache
memory in the disk controller that receives the access
request and the host computer. In the meantime, in case
the data is not stored in the cache memory of the disk
controller connected to the drive at the destination of
access, the data is transferred from the drive to the
cache memory of the disk controller connected to the
drive at the destination of access, the cache memory in
the disk controller that receives the access request and
the host computer. Therefore, data of a drive connected
to a disk controller except the disk controller that re-
ceives the access request can be also referred and fur-
ther, in case the access data is stored in a cache mem-
ory, data can be transferred to the host computer in
shorter response time, compared with a case that the
drive is accessed.
[0057] As update data stored in the cache memory is
stored in the drive connected to the disk controller and
further, the data in the cache of another disk controller
storing the data in a disk subsystem is invalidated in
case a cache area is freed, the cache can be efficiently
used.
[0058] A cache memory provided to each disk con-
troller stores only data of a drive connected to a disk
controller. In this case, when an access request from a
host computer is read access, data is transferred from
a cache memory of a disk controller at the destination
of the request or a drive to the host computer or when
an access request from a host computer is update ac-
cess, data is transferred to a cache memory of a disk
controller at the destination of the request. Therefore, in
the case of this control method, as only data of a drive
connected to a disk controller is stored in a cache mem-
ory of each disk controller, coherence can be maintained
without executing complex coherence control.
[0059] A cache memory is divided into the storage ar-
ea of data for a drive connected to a disk controller that
receives access and the storage area of data for a drive
connected to another disk controller in a sub-system
and is managed. As a result, a cache memory the con-
trol of which is easy and further which is more efficient
or does not require a high cost can be provided.
[0060] As data for a drive connected to a disk control-
ler that receives access is stored in a cache memory
with the data doubled or multiplexed and in the mean-
time, data is stored in a cache memory of another disk
controller in a sub-system without being multiplexed,
higher reliability can be realized and the cost can be re-
duced, compared with a case that the whole cache
memory is doubled.
[0061] A cache memory provided to a disk controller
is composed of a nonvolatile cache memory that stores
data for a drive connected to a disk controller that re-
ceives access and a volatile cache memory that stores
data for a drive connected to another disk controller in
a sub-system. As a result, the capacity of the nonvolatile
cache memory requiring a higher cost can be reduced,
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compared with a case that the whole cache memory is
nonvolatilized and the low cost can be realized.
[0062] As data of a drive connected to a disk controller
in which a trouble occurs, which is stored in a cache of
a normal disk controller, is invalidated in case the trouble
occurs in a certain disk controller in a sub-system, the
trouble is prevented from being propagated even if the
trouble occurs.
[0063] As a communication method between disk
controllers is a part of a channel which can be connected
to a host computer and a switch connecting channels,
cache access is also enabled between plural disk con-
trollers in a sub-system composed of disk controllers
having no dedicated connection means between disk
controllers.
[0064] For control information for controlling a cache
memory provided to a disk controller, an access log ta-
ble storing an access frequency every channel, every
disk controller and every logical disk is provided, it is
determined whether a channel the access frequency of
which is the highest of channels that receive access to
a certain logical disk and a logical disk at the destination
of access are connected to the same disk controller or
not and in case they are not connected to the same disk
controller, the logical disk is relocated in a drive of a disk
controller to which the channel the access frequency of
which is the highest is connected. Also, in case they are
connected to the same disk controller, a host computer
using another channel that accesses to the logical disk
uses a channel of a disk controller connected to the log-
ical disk. As a result, as a data location in a subsystem
can be optimized, the used frequency of a path between
disk controllers can be reduced and a high band is not
required for a path between disk controllers, the cost can
be reduced.

Claims

1. A disk controller, wherein:

in a disk subsystem provided with plural disk
controllers, a communication means between
the disk controllers, disk drives and each disk
interface between the disk controller and the
disk drive, the disk controller is provided with a
cache memory and a control memory that
stores the control information of the cache
memory; and
the cache memory provided to one disk control-
ler that receives an access request from a host
computer can access and store data for the disk
drive connected to the disk controller provided
with the cache memory via the disk interface
and in addition, data for the disk drive connect-
ed to another at least one disk controller via the
disk interface via the communication means.

2. A disk controller according to Claim 1, wherein:

for control information stored in the control
memory, a cache directory for specifying a disk
controller that stores data at the destination of
access in its cache memory and a cache ad-
dress for storing data at the destination of ac-
cess every unit of access are stored every unit
of access uniquely determined based upon a
disk controller number and a disk drive ad-
dress.

3. A method of controlling a cache memory of a disk
controller, wherein:

in a disk subsystem provided with plural disk
controllers, a communication means between
the disk controllers, disk drives and each disk
interface between the disk controller and the
disk drive, the disk controller is provided with
each cache memory;
the disk controller that receives an access re-
quest from a host computer processes the ac-
cess request after the exclusive operation of
access data and reports the completion to the
host; and
afterward, in case access from the host com-
puter is a request for update access and the
disk controller except the disk controller that re-
ceives the access stores the access data in its
cache memory, the exclusion of the data is re-
leased after coherence control.

4. A method of controlling a cache memory of a disk
controller according to Claim 3, wherein:

a disk controller that receives a request for up-
date access from a host computer stores up-
date data received from the host via a commu-
nication means between the disk controllers in
a cache memory of the disk controller connect-
ed to the disk drive via a disk interface in case
the destination of the update access is a drive
connected to another disk controller except the
disk controller via the disk interface.

5. A method of controlling a cache memory of a disk
controller according to Claim 4, wherein:

a disk controller that receives a request for read
access from a host computer determines
whether access data is stored in a cache mem-
ory in the disk controller that receives the re-
quest for access or not by referring to a cache
directory according to Claim 2 of the disk con-
troller connected to a disk drive at the destina-
tion of access via a disk interface;
in case the data is stored, the data is trans-
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ferred to the host computer, referring to the
cache memory at once;
in case the data is not stored in the cache, it is
determined referring to the cache directory
whether access data is stored in a cache mem-
ory of a disk controller connected to a disk drive
at the destination of access via a disk interface
or not;
in case the data is stored, the data is trans-
ferred to the cache memory in the disk control-
ler that receives the access request and the
host computer once, referring to the cache
memory; and
in the meantime, in case the data is not stored
in the cache, the data is transferred from the
disk drive at the destination of access to the
cache memory of the disk controller connected
to the disk drive at the destination of access via
the disk interface, the cache memory in the disk
controller that receives the access request and
the host computer.

6. A method of controlling a cache memory of a disk
controller according to Claim 3 wherein:

update data stored in a cache memory is stored
in a drive connected to a disk controller via a
disk interface; and
further, the update data in a cache memory
storing the update data in a disk subsystem of
another disk controller is invalidated.

7. A method of controlling a cache memory of a disk
controller, wherein:

in a disk subsystem provided with plural disk
controllers, a communication means between
disk controllers, disk drives, each disk interface
between the disk controller and the disk drive,
each disk controller is provided with a cache
memory;
the cache memory stores only data of the disk
drive connected to the disk controller via the
disk interface;
in case an access request from a host computer
is read access, data is transferred from a cache
memory of a disk controller connected to a disk
drive at the destination of the request or the disk
drive to the host computer; or
in case an access request from a host computer
is update access, data is transferred to a cache
memory of a disk controller connected to a disk
drive at the destination of the request via a disk
interface.

8. A method of controlling a cache memory of a disk
controller according to Claim 3 wherein:

an area of a cache memory is divided into an
area in which data for a disk drive connected to
a disk controller that receives access via a disk
interface is stored and an area in which data for
a disk drive connected to another disk controller
in a subsystem via a disk interface is stored and
is managed.

9. A method of controlling a cache memory of a disk
controller according to Claim 3 wherein:

data for a drive connected to a disk controller
that receives access from a host computer via
a disk interface is stored with the data doubled
or multiplexed in a cache memory; and
in the meantime, data for a drive connected to
another disk controller in a subsystem via a disk
interface is stored without being multiplexed in
a cache memory.

10. A method of controlling a disk controller, wherein:

in a disk subsystem provided with plural disk
controllers, a communication means between
disk controllers, disk drives and each disk inter-
face between the disk controller and the disk
drive, each disk controller is provided with a
cache memory; and
in a method of controlling a cache memory in
which the cache memory can also store data of
a disk drive connected to another disk controller
in the subsystem via a disk interface, in case a
trouble occurs in a certain disk controller in the
subsystem, data of a disk drive connected to
the disk controller where the trouble occurs via
a disk interface, which is stored in a cache
memory of a normal disk controller, is invalidat-
ed.

11. A disk controller according to Claim 1 wherein:

a cache memory with which a disk controller is
provided is composed of a nonvolatile cache
memory storing data for a drive connected to a
disk controller that receives access via a disk
interface and a volatile cache memory storing
data for a drive connected to another disk con-
troller in a subsystem via a disk interface.

12. A disk controller according to Claim 1, wherein:

a communication means between disk control-
lers is a connection acquired by expanding an
interconnection in the disk controller.

13. A disk controller according to Claim 1, wherein:

in a disk subsystem provided with plural disk
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controllers, a communication means between
disk controllers, disk drives and each disk inter-
face between the disk controller and the disk
drive, the disk drive is provided with a logical
disk inside; and
the disk controller stores the access frequency
information of a channel, the disk controller and
the logical disk as the control information of a
cache memory provided in the disk controller.

14. A method of controlling a disk controller according
to Claim 13, wherein:

it is determined whether a channel the access
frequency of which is the highest of channels
that receive access to a logical disk and the log-
ical disk at the destination of access are con-
nected to the same disk controller via a disk in-
terface or not;
in case they are not connected to the same disk
controller, the logical disk is relocated in a drive
connected to a disk controller to which a chan-
nel the access frequency of which is the highest
is connected via disk interface; and
in case they are connected to the same disk
controller, a host computer that accesses to the
logical disk and uses another channel uses a
channel of a disk controller connected to a disk
drive provided with the logical disk via a disk
interface.

15. A method of controlling a cache memory of a disk
controller according to Claim 7, wherein:

an area of a cache memory is divided into an
area in which data for a disk drive connected to
a disk controller that receives access via a disk
interface is stored and an area in which data for
a disk drive connected to another disk controller
in a subsystem via a disk interface is stored and
is managed.

16. A method of controlling a cache memory of a disk
controller according to Claim 8, wherein:

data for a drive connected to a disk controller
that receives access from a host computer via
a disk interface is stored with the data doubled
or multiplexed in a cache memory; and
in the meantime, data for a drive connected to
another disk controller in a subsystem via a disk
interface is stored without being multiplexed in
a cache memory.
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